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NOTICES
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thereto.

FOREWORD

The work described in this report was performed at United Technologies Research
Center , East Hartford , Connecticut for the Air Force Rocket Propulsion Laboratory
under Contract F04611—77—C—0020, initiated March 1, 1977 and ending November
30, 1978. Those who participated in the performance of the work under this
contract were: Dr. C. T. Brown, Principal Investigator, Mr. L. J. Spadaccini,
I)r. U. 1. Couch , Chief , Chemical Technologies Section and Program Manager: Ms.
P. 0. DeFelice , Mr. Scott T. Kehoe and Mr. Gene Lind .

The work was conduc ted under the technical management of Lt. William Leyden,
USAF/LKCP and Forrest S. Forbes, Chief Propellant Section.

This report has been reviewed by the Information Off ice/XOJ and is releasable to
the National Technical Information Service (NTIS). At NTIS it will be available
to the general public , including foreign nations. This report is unclassified
and suitable for general public release.

~ORREST S. FORBES , Chief
Propellant Systems Section

0 FOR THE COt~1ANDER

/ 1  (~ 1 7
.
~ ______________

EDWARD I.. STEIN
Deputy Chief , Liquid Rocket Division



UNCLASS1FI~~
S E C U R I T Y  C S I F I C A T I O N  OF T H I S  PAGE (Whin D.t. arit.,.dJ

EPORT DOCUMENTATION PAGE BEFORE COMPLET I NG FORM
I” ER 2. GOVT ACCESSION NO. 3 R E C I P I E N T ’S C A T A L O G  NUMB E R

A i hH~~ ’~~~ 8 7 ~~ 
.. .

~
. 

_ _ _ _  _ _ _ _  _ _ _

I’ ’t:; ibi lity studies of an Electrochemical Test Marml— 14ay 78 ~~~,

4’~ t t t i for Nitro~ eri Tetroxide ompatibility — — -_ ________

L ing 
. 

~ P E R F O R M I N G  ORG. REPORT NUMBER

8. C O N T R A C T  OR G R A N T  NUMBER(S)

f
/ ,  ~~~~T./I~rown ~ 5 ~~~~~~~~~~~~~~~~~~

~~~~~ R~ 
(
~ RMIN~.,’,f~~,A N I  1 A T I O N  N AME AND ADDRESS 10. PROGRAM ELEMENT . PROJ ECT , T AS,(

/ AREA & W ORK UNIT NUMBERS
tin i t . ‘ 1 T’n’ h t ( ~ 1’~~ i €.~ ; Research Center,
~~ t :,t .  Ii:t rt ‘~ rd , c’r O( .~1 (j ~~

‘~~~~~~~ 4 ” L T ’ , I~~f, NAM E AND A D D R E S S  (~~ T DATF

( // Novs_L_ .. tJ78r r ’~ U~’ ’k ~~t. P r u 1 , u i ~;ion Laboratory
. . j . j ’~ r i :  , ( A

I A  ,~ ~~~ ‘ ‘ ,Il~ r ( , A~~ F N ’ .y  t . I A M F A .A D D R E S ’ i ( i l  dlf le ,.nV f rom ConfrohIInO O f f e r ’ ) IS .  S E C U R I T Y  C L A S S .  (of fhI~ r.po,?)

~ 
)/~7~~ . 

/ Unclass i f ied  
- -t f 15a . D E C L A S S I r I C A T I O N  DO W N G R A D I N G

I I  ~~~~ T I GN S T A T F M r N T ’ I I h I ,  Report ,

v ~ t’ ur ~u b 1 i~ release — Distribution unlimited

I ,’ ,
~~‘, F~ I I 4 j T V j~~ ST A T  FMF NI (,,/ ‘h. •h.t,aef .nt.,.d In BIo~ k 20, If dIffer.,,, from R.por r)

IA ‘. I I r ’ I ’ I I M I N r A R y N r ) r F ~

4 — F I *01411% (4 nnr,, J,. ,,, , p v e r s n~~~ieSr s i net  .saary end Identify by bfnck n,,mtserj

f l i t  r s t ~~rI T t ,r ox i Ie , Mrtt , r ~ :ti Compa t ib i l i t y ,  Elect rochemical  Test Method

41  A I’ . Is  A ’  I I , r . V  I,,,,e ,,,s , e ’e , s . . ’ ’ .  I~ U and identif y by hIo~ k n,imh.,) 
—

Th ’ ;t f ; t l L c a t i orl of tn~ r lec t rochemical  compat ib i l i ty  test method to metals
“X ~~~~: : i ’i t .o n i t rogen  ts~t ru x i d e  ( N ~ O~ ) is described.  It  was dete~~~ined that N

1:; t i f l t , ...ufficiently conductive to permit electrochemical  measurements
to h ’ o.rri”i out. It was necessary to add water in the concentration range

DD j A ~~; / I  1473 r O I T I O N  I t t  I NOV A S IS OBSOLETE UNCLASSIPIED 
- — 

4
S E C U R I T Y  C L A S % I F I C A T I O P I  OF THIS P A G E  (Wb,n fla ia ?~ni.~ .sI~

- 

—

-~ ~~~~~~~~~~~~~~~ - ..  ~~~~~~~~~~~~~~~~~~~~~ L~ ~~~~~~~~~~~



V

UNCLASSIFIED
\ s ,csjm. in c~ *ss , ’ , ca v s o .. n. .s s pac.~~~~ s...

L i t  to ‘ L t v ~ ri value p e rc e nt  in o rder  to obt1ain c o m p a t i b i l i t y
hsJ .~~ . ‘ I ’ I i i ~~ .‘ori , : ’t i t r t t t i t , n  corresponds to the h igh  densi ty  acid

ç t t : t :~~ of th — H~ O system.

Above one to two value percent water  a small por t ion  of
the high density acid phase is formed which can produce
I I ) I i L l 1 z t I i  c o r rl ) :;lor i . It is suggested that corrosion in the
h i gh a c i d  1IhW. ’ . should be conside red for further study even
though  the overall water concentration is quite low.

UNCLASSIFIED
I.EcgSii y C~~us4c.c ~ T,oM oc ~~~ ..oag.’.~~ B... Ia... .Ø

‘F ~~~ 

— ____  —- 

-~~ .- 
_i- — 

~~~~~~~~~~~~~~~~ 

—



V

TABLE OF CONTENTS

PACE

SIJ)Q4A.RY 2

INTRODUCTION 
• 3

ELECTROCHEMICAL THEORY • 3 I

EXPERIMENTAL TECHN IQUES 7

EXP ER IMENTAL RESULTS 8

Phase Separation Studies 11

Electrical Conductivity Measurements 11

Exchange Current Density Measurements 11

Data Comparison 15

DISCUSSIO N AND CONCLUS IONS 17

REF ERENCES 18

~~~~~~~~~~~~~~

j w ~~~ I 
- -



LIST OF FIGURES

FIGURE PAGE 
I

1 NITROG EN TETROXID E — NITRIC ACID
PHASE DIAGRAM 9 P

~~~~~~~~~~~~~~~~~~ . . .~~~~
“ . - -



V

LIST OF TABLES

TABLE PAGE

I-A CONSTANT S FOR CONVERSION OF EXCHANGE CURRENT
DENS ITIES (ia ) TO DECC14POSITION RATES 

I-B MOST PROBABLE DECCIIPOSITION MECHANISMS 5

II PHYSICAL PROPERT IES OF WATER , HYDRAZINE , MONO-
METHYLHYDRAZ INE , UNSYMMETRICAL DI14ETEYLHYDRAZINE ,
AND NITROGEN TETROX IDE 6

I I I  EQUILIBRIUM CONCENTRATION FOR THE N204— HNO 3 SYSTEM . 10

IV PHASE SEPARATION IN THE N204—H 20 SYSTEM 12

V ELECTRICAL CONDUCTIVITY IN THE N204—H20 SYSTEM . . . 13

VI EX CHANGE CURRENT DENSITY MEASUREMENT S FOR SEVERAL
METALS IN N204-H20 SOLUTION S 14

VII  EXCHA NG E CURRENT DENSITIES FOR N2H4, MMH AND N204 . . 16

VIII DECOMPOSITION RATES FOR N
2
H4, MMH AND N

2
0
4 

16

j  
~ 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

— 

- --.- __i__ _ 
~~~~~~~~~~~~~~~~~~~~~~~

- - 
:. i~~~~. .  . . .



SUMMARY

IJTR C Electrochemical Test Method was used to investigate the compatibility
I I  AA~~~)~~ l -T6 , 3O4L SS , Ti6A 14V , Inconel X750 and Pt—IO% Ir with propellant grade

n i t  r ( Ig ( ’n  t i ’t r o x i d e .  This test method was app lied successf u l l y in previous
IneasIIri’ments of material compatibility with hydrazi ne (AFRPL Contract
F04h11—14—C-0041) and monometh y ih ydrazine (AFRPL Contract F04611 77C0020).

It has been determined that electrochemical methods can onl y be app l i ed
Is t l ig  i’ell confi gurations having i nte rnal  resis t ances con sid erabl y below 1O~

I ) h m t ; . W i t h  the present cell confi gura t ion ( 1 cm2 electrode surface area and
nun ei*’ctrode spacing) , the resistivity d rops f rom approxim atel y 5 x 1O~ ohms

to appr oximatel y io 2 ohms as the water concentration is increased from approxi—
m atel y t orI to eleven volume percent. This water concentration corresponds to

r i t e  I I i g i r — 1 I i n s i t y  acid phase of the N204—H20 system . Above one to two volume
p e r ( ’ I ) t  write r c o n c e n t r a t i o n , a small por t ion of the hi gh—acid phase (44 mo le
~I I I  . ‘ n t  11NU 3 ) is formed which , due to its higher chemical activity and low
‘,I I r t a I i’ ten sion , can produce localized corrosion in crevices around swage fit—
t t I I r . ’. or valve seats. This corrosion in the high—a cid phase should be consi—
sto red Oven t h o u g h the  ove ra l l  wa te r  c o n c e n t r a t i o n  leve l may be quite low .
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INTRODUCT I ON

Experimenta l st u d i e s  have been carried out to evaluate the app li cabil ity of

in •‘lectrochemi cal test method for the measurement of compatibility of selected

m etals with nitrogen teti-oxide (N204) ( M i l i ta ry Specification P—26539C—2).
This work was performed under Task II of AFRPL Contract F04611—77—C—0020. The

t e s t  method , developed at the United Technolog ies Research Center , pr ov i d es a
m. :Is ’Ir e  of the natural propellant decomposition rate on the surface of the metal

under investi gation . The t ime base is then altered by electrolysis of the
system at some multi p le of the natural decomposition rate. As a result , a

simulated t ime scale is achieved in which the propellant decomposition rate can
he predicted up to fifteen years while the actual t ime required for the tests is
on the order of one to two months , depending on the particular metal tested .
This method has been successfully app lied in previous measurements of material

compat i h i l i t y  in propellant grade hydraz in e (N 2H4) and monotnethylhydrazine
(MMII) (Ref. I and 2) as well as in Task I of the present investigation .

In this report , available real—t ime compatibility data for N2O4 are

reviewed and the results of N204 compatibility testing , using the electro—
ch emi cal test method , are discussed . Test results are presented for Ti6A14V ,
3O4LS S, AA6O6l— ~~h , Incone l X750 and Pt—lO% Ir alloys . In addition , the decompo—
siti on mechanism for N204 and the N204—H20 phase diagram are also discussed .

ELECTROCHEM ICAL THEORY

Il l . ’  ele~ trochem ical Lest method used in this investi gation is based on the
Ine’asII remi’nt of current flow at or very near the equilibrium potential between a

metal sur face and a liquid phase (electrolyte). This current is proportiona l to
th e rate of electron trans fer across the metal/li quid interface. The rate of
i-’ l i ~ s t r o n  transfer is converted to the rate of reaction of a specific species on
the metal surface using a known reaction mechanism. This method is known as the

re sist ance polariz ation method (Ref. 3), sin ce the current—voltage relationship
ob ey s  Ohm ’s law at potentials very close to the equilibrium potential of the
m e t a l— e l e ctrolyte couple. The natural current flow (reac t ion rate) at the equi li—
hri irm pot ential is the exchange current density, whi ch can be expr essed
as:

RT diI_ o — —
r

3
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V

wh ets’ : i = exchange c u r r e n t  density (amperes/cm 2)

cu rrent (amperes)

ovi’rjl (It cut i al (volts)

l i / d f l  t h e  slope of the i— n relationshi p at the equilibrium potential

K = t h e  gas I- s s r l s t a n t  (Joules/°K/m o le )

I = temperature (deg K)

F = the Faraday (96,488 amp—sec g mole equivalent )

Onc.’ i has hi-en established for a given time of exposure , the time—base
i ,t tli.’ tse ,t is extended by electrolysis of the system at some multi ple of i0.
‘Ih i ’  r : i t i~~, of the ele ctrol ysis current to the exchange current density is the

i I n I I l ; I t  ton fact o r for the time increment of interest. The exchange current
slen -i t ics irs’ used to calculate the rate and amount of decomposition based on

ti ~ In . I i I - I nj 5 m  for t h e  rt’:Rtion of N204 
on a metal surface. Equations for cal—

t i n t i n g  L i i i ’  d e c om po s i t io n  rates of N
2
H4 , MMH , and N204 from exchange current

d ’ss ~~i t v  nh. ’asiri ments are summarized in Table I. The comparison provides a per—
S j ’ F - (  t lye for the relative extent of decomposition of the three li quids studied

IlI uder tl ~.— ex isting contract. Also included in Table I are the most probable

~)lfl l )O Sit ion mechanisms for each of the three compounds . The decomposition
11* 1 ita n isrus for N

2U4 
and MMII have been documented in previous reports (Refs. 1

and 4). The mechanism for N
204 

Jecomposition was derived from the litera—
I n n ’ , and i t  should he noted that the electrochemical reaction is written in
1 r mH  of  water as a co—reac t ant. Therefore , possible reactions in N 204 m u s t
i s ’  cnsrl: t n i ’ riot i n  t e rats 1)1 its solvent properties. In some cases cert sin nit rosy l
s l )nl p outld s y ield nit rosy liu m (NO+) ions in the solvent ; however , the low conduc—

i vi t y ( 2 x ~~~ ohm 1 cm~~ ) and the lack of decomposition by electrol ys i s
p r s ’ s l u d e  any exten sive auto—ionizati on process (Ref. 6). Pure N204 is non—polar ,
and di ssno iat ion into ions apparent ly occ urs on l y whe n hi ghl y pola r i z i ng  groups
in ’ e l i d  to the solvent . One such polarizing group is water , a natural
u n i t  ‘t m i neri t in N 2 f’)4

The ph ysical prop erties of N
2
04 are compared with those of N2H4, MMH ,

IJDMH in ‘fable L I . It is apparent that N204 has a h i gh vapor pressure ,
1 ( 1 w  h i s i l i ng point and , most particularl y ,  a ve’ry low di electric constant. lit
this l i t t e r  fni -tor which controls the ionizing properties of N204 a s a solven t

rind p 1:. s’s restr i (-tion s on electrochemical measurements at very low water
s - n i t  r a t  ionS

4
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TABLE I—A

Constant s for Co c iv e r s  ion  o f  E x ch a n g e  C u r r e n t
I ) e n i s i t  i t - s ( i a ) to Decomposition Rates

N ,11 4
i ( am p s/ c m 2 )

nlg/cm 2/yr = ° 
- - -  x 3. 154 x 1O 7 sec/y r

1 , 2 1  x 10 a m p — s e c / m g

i (amps/ cm2)
ing/cm7yr = ° x 3.154 x io~ sec/yr

6.190 amp—sec/mg

N~ 0

ng/cm 2/yr ~ 
~~~~~~~~~~ x 3 . 1 54  x 10~ sec/yr

2.098 ;iinp—sec/mg

TABLE 1—B

Most Probable Decomposition Mechanisms

I . N 2 04 + 2 lI ,~~ 
— - 2N 0~ + 411+ + 2e

(MMII)
2 .  1CII ~1N 2 II ~ —= N 1 f C II 4 f 2 C11 3N 2 H4 

+ + 2e

I . 5N 2 114 -,- N
2 + 4N

2115
+ 
+ 4 .-

5
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TABLE II

Pl ry - 1 ni l l’ ropi’rt les of Water , F ly d r a z i n e , Monometh y ih ydrazine ,
n c y n i m e t r i c a l  D i m e t h y lh yd r a zin e , and :;it rogen Tetrox ide

I’h y s i - a l  P r o p e r t y  112 0 N 2 H4 MNI-I UDMH ~ 2 04

~1s ’ 1 t in g  Po u t ( °C) 0 1.53 —52 —57 —11.2

, : r ; n l  B o i l i n ~’ P o i n t  (°C) 100 114 88 62 21.1

‘ I j I l n ) f  l’ res:- , u r t -  (298 °K) (tfliTLH
g

) 2 3 . 7  14 .2 49 167 899

y (298° K) (~~; / ( - c )  0 . 997  1.004 0.87 0.79 1. 434

V i s : s n ’r i t y ( 2 9 ~ °K) ( c n - n t i po i se)  0.894 0,913 0 . 7 7 5  0 .492 0.369

;u r L : I c ~ Ten s ion  (298 °K) (d yn e s / cm)  72 66 34 24 25

Di e l e c t r i c  Ccjn :tant (298°K) 80 52 19 — 2 , 4

6
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fl it ’ IO ni ( ’t lOfl t nt water with N
204 results in the formation of nitric and

n i t  i o t t ’  no i <Is; i . i’ . ,

N204 + 1120 HNO 3 + HN O 2 (I)

‘lIt is r i- act ion is f o l  l owed by the decompos it ion of the nitrous acid to nitric
i d and nit n c  OX I de ; i . e

311N0
2 

I{N03 + 2NO + 1120 ( 2 )

‘ f l u ’ r s ’ f o r i ’ , the overall r e a c t  ion i s :

3N 204 + 2H 20 + 4HN03 + 2N0 (3 )

ft it is assumed that NO has no effect on the electrochemical properties of
t h e  svs t i’t n , the most probable reaction on the metal surfac e is;

N204 + 2H 20 ÷ 2N0 3 + 41I~ + 2e (4)

i . e . ,  t i n s -  format ion of nitric acid in which two Faradays are required per mole of
N. (1 t l t n  ()FFl ~)5 I~,(’(I2 6

EXPERIMENTAL TECHNIQUES

i’tu~ e x p e r i m e n t s  w er e  performed in electrochemical cells using glass refer-
s - n i ’  I’ I’ Il ’ C i rodi ’s and metal t I- st specimens imbeded in FEP Teflon . The general
p r in ci~ s 1s- s rind dn ’t a i l s of the cell desi gn are the same as previou sly reported
( R i - t b . I and 2); however , in the present tests the electrodes were mounted in a
fissi i zu ,iIai pus ’I ion so that the distance between electrodes could be adjusted
o comps ’nisat i- for the h i g h  internal resistance. The propellant grade N204

was t n t  rI,dI.(-ed d i r i ’et l y int b the cell after the entire system was flushed with
dry n il r sigt ’n. All tests were conducted at 50 F (10 C) i n  order to minimize the
15n1 ’ssItrI ’ i n th~ c i i i .  In general , it was found that a “cry small electrode

~~ ,a<’ i ii (-‘3 nun) was necessary in order to prevent instrument overload and
ob t a i n si ; i ’ iuiI results , even i n c ases where a p p r e c i a b l e  amount s of wa ter were
.isfded to the system . Predetermined amounts of water were added by means of a
c:. lihr aci ’d micro syringe . The cell was then flushed with dry nitrogen and

f i l l e d  w i t h  p r o p e l l an t  grade N 204 .

7
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4 EXPERIMENTAL RESULTS

Ito- m etals Ti6A I4V , 3O4LSS , AA6061—T6 , Inconel X750 and Pt-lO% Ir were
( - v i l e - i t  s - I  i n  p r o p e l l a n t  g rade  N 2 04 and in  N204 with water added. In

i n f t l j t i n t n i , c o n d u c t i v i t y  t e s t s  were performed t nt define the water n tu ’ .t ei ttr a tion

u - l o v e  w h e r e  e le c t  r o u t t o i t i r ca l  t e s t s  c o u l d  be pe r fo rmed .

Si it  s -  L i i  e add it ion of water to N 2 04 r i - s t i l t s  i n  t h e  fo r m a t • ‘)n of n i t r i u

a c i d  ( K s - n o t i on  ‘3) , it is necessary to eval uat e t h e  r e s u l t s  in  t e rms  f t h e
11N0 3— N 2 0, ph a s e  diagram i I l u s t r a t e d  i n  F i g .  1. I t  t h e  amoun t  of W at
idded t o  t h e  s y s t e m  r e d u ce s  the  N 2 04 concent  r a t  i on  t o  a v a l u e  less  t h a n
t h a t  c o r r e s p o n d i n g  to t h e  r i g h t — h a n d  po r t  ion of t h e  t w t t — p h .se re~~i on ( 1  n d i c a t € d
b y t h e  ~. i t a t I I ’ d  a r e a ) , a second phase w i l l  be f o r m e d  h a v i n g  a compo~ it t o n c ar  n i ’ s -
1t ond l u g  t o  t h e  I s ’  f t  —hand  port  ion of the  two — p hase  r I - g i  a r t .  A f t  bough t h e  is ’  l a  -
t i v e  p r o p o r t i o n s  t t t  t h e  two phases  change as o v e r a l l  c o m p o s i t i o n  is  changed ,
L i i i ’  c o m p o s i t i o n of each phase remains constant . Thus, at 50 F (the ps-rating
t s - r n ~o ’ r a t t n r e  used i n  i t s - s i ’  s t u d i e s)  an a c i d — r i c h  phase  i s  forme d w h i c h  has a
c o m p o s i t i o n  of 44 m o l e  pe rcen t  N 2 04 and 56 mo le  p e r c e n t  HN O. 3 . T i t i s  compo-
s i t  i on  i’; relative ly constant over a wide temperature range , as evidenced
by t h e  a lmos t  v e r t i c a l  phase separation line on the acid—rich side of the phase

I i  a gr a r n .

I n  v i e w  of t i t o above , three types of experiments were performed:

I )  Phase  sep ar . -i t ion studies using cap illary tubes into which predetermined
a m o u n t s  o f w a t e r  and N 204 were added ,

2 )  E l e c t r i a l  c o n d u c t i v i t y  measurements  to de te rmine  reg ions of hi gh ionic
co n c e n t  r a t  io n ,

3) Exchange current density measurements to determi ne the natural reaction
rate of N204 on metal surfaces.

9

This approach was necessary since the degree of comp le t ion of Reac t ion (3)
is r i o t  known . Av ailable free energy da ta sugges t tha t the e q u i l i b r i um cons tan t
f o r  N i - m t j o n  (3) is 6.13 x io 6 ; h owever , this theoretical value assumes that
NO is com p l et el y soluble in the N204—HNO3 li qu id phase. If NO is lost from
t ii. sy- ; t em , it can then be assumed that Reaction (3) goes to completion and the NO
is lost from the li quid phase.It is then possible to calculate the equilibrium
compo sit ion in terms of the amount of water added. These calculations are
siImma rin~ ’ I in T a b l e  III. When this data is compared to the phase diagram (Fig. 1),
t w t t - 1 , i t , ’ s - . .- separation occurs at about 1.27 volume percent water  added at 50 F ,
i . e ., N2O~ mole  fraction of 0.915. At the same time , a single—phase region
i s  observed be low a mole  f r a c t io n  of 0.435 or 8.5 volume percent water  added .

8
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TABLE I I I

Equilibrium Concentrations for
the N204 — HNO 3 System

i n  i t  ia I F inal  ( E q u i l i b r i u m )  M o l t  Fract ion

Vol  % 1 ,1)
Added Moles 1I 2 () Moles N 2 04 Moles HNO3 Moles N 204 N

2
01

I 0.012 0.347 0,024 0.339 0.934

0.0 24 (1. 344 0.048 0.308 0.865

1 ( 1.037 0 .340 0 .074  0.284 0 .793

-
, 0 . h 4t  0.337 0.098 0 .264 0 .729

( ) .O h l  0.333 0.122 0 .242  0.665

6 0 . 0 7 3  0.330 0,146 0.220 0.601

1 (1 .085 0.326 0.170 0.198 0.538

11 0 .098 0 .323  0.196 0.176 0 .473

‘I (( .110 0.319 0 .220 0.154 0. 412

i f ,  0.12 2 0.316 0.244 0.133 0.353

I! ( i . 147 0.309 0.294 0.088 0.230

16 0.171 0.302 0.342 0.046 0.118

15 0.18 3 0.300 0.376 0.026 0.065
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Phase S e p a r a t i o n  Studies

In order to elucidate t he  phase s e p a r a t i o n  phenomenon , a se r ies  of t e s t s
were performed in which vary ing amounts of water and N204 were m ixed  and
sea led  in 3 nun d i a m e t e r  c a p i l l a r y  t u b e s .  Phase s e p a r a t i o n  was not observed
until approximatel y 1 .73 wei gh t percent (2.0 volume percent ) water  was added to
the system . This is close to the predicted value of 1.27 volume percent H20
which was based on comp lete reaction of N2O4 wi th water available . The
phase st - paration data is summarized in Table IV . The hi ghest volume percent
water level tested was 9.1 percent and , at this point , there were still two
phases present . Apparentl y ,  the reaction of wate r  with N204 does not go to
comp letion . Howeve r , the equilibrium constant must be much larger than the
predi cted value and the equilibrium values for the reactant s and products are
l a r g e l y on t he  p r o d u c t  s i d e  ( i . e . ,  the  f o r m a t i o n  of HNO 3) .

- t 
Electrical Conductivity Measurements

In order to determine the point at which the minimum required electrical
conductivity leve l could be achieved in the N204—H20 system , measurements were
made using a small volume conductivity cell and p latinum electrodes . Tests were

conducted at several levels of water addition in the range 1 to 14 percent
(b y v o l u m e ) .  Th e  r e s u l t s  of these t e s t s  are summar ized  in Table V.  A rap id
i n c r e a se  i n  conductivity is noted at approximatley 10 to I l  percent  wa te r  addition .
T h i s  d i s c t t n t i n u i t y  probabl y occ urs at the hi gh—a cid boundary of the two—phase
reg ion  ot  the  N 204 — 8 20 sys t em (see F i g .  1) .  The lack of sufficient conductivity
i n  t h e  l o w — a c i d  phase (up  to 2 .0  volume percent water) precluded the use of existing
e l e c t r o c h e m i c a l  t e c h n i q u e s .  Thus , exchange  cu r ren t  density measurements were
l i m i t e d  t o  t he  high—conductivity phase (approxima tely 44 mole percent  N 204 )
wt ii sh corresponds to the formation of high—densit y acid .

Exchange Current Density Measurements

The exchange current measurements confirmed the low conductivity problems
in t h e low water concentration and two—phase regions of the N204—H 20 sys tem .
The minimum current measurement level of the potentiostatic equi pment used in
these experiments is approximatel y io~~ micro amps. Below this leve l , the
amp l i f i e r s automaticall y overload to preserve instrument integrity. Thus, as
reported in Table VI , exchange current densities could be measured only at water

oncentrat ion levels above 10.0 volume percent , for AA6061—T6, and 12.0 volume per-
cent , for Incone l X750. For all other metals tested , 15.0 volume percent water
was necessary before current—voltage data could be obtained .
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TABLE IV

l’hi ~i-~t- Separa t ion in the N204—1120 System

Total  Column lIt , of Second Percent
A s I h s l  i i , ’ )  Ct)ncin n t  rat Ion 

- 
lit. (cm) Phase (cm) Second Phase

Vo l ‘
~ W t  7

7 Ii , iOi~ 2 2 . 3  — —

0.’~ 0.410 l7~0 — —

1.7 0.68( 19.9 — —

I ’ . () 1.73 14 .8 0.1 0.68

6 .5 3.12 19.0 1.2 6.31

M . 4 6 .05 19.7 2 . 3  12.1

11 .1 6.54 19.9 2.9 14.6
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TABLE V

E l e c t r i c a l  Conduc t i v i t y  in the  N 204 — H 2 0 Sy st e m

( c s - i l  i ’on st a nt  0. 792 cm 1 )

Sp e c i f i c  C o n d u c t i v i t y
V o I Z  11 7U Added R es i s ta nce (~~) 

- 

(ohm~~ cm~~~)

1.0 4 .20 x 10~ 1.88 x 10—6

2 . 0  3.50 x 1O~ 2 . 2 6  x 10—6

3.0 4 .22 x 10~ 1. 86 x io 6

5 .0 4 . 16 ~ 10~ 1.90 , iO”6

1 11 .0 5 .03 x l0~ 1, 57  x io ’6

11.0 1.33 x io 2 5 .95 x l0~~

1 2 . ’) 7 .37 x 101 1.07 x io 2

13.0 1.42  x 101 5.57 x 10 — 2

14 .0 1.75 x 101 4 . 5 2 x io 2
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TABLE VI

Exchange Cur ren t  Dens i ty  Measurements f o r  Several
Metals  in N

204 — H
2 0 Solutions

(50 F)

Decomposit ion

- 
Water Conc entration to 2 

rat~
Met al Vo1 7 W t %  Mole Fraction (l,Ja/cm ) (mg/cm /yr)

I I 6 A I 4 V  14 9.99 0.362 1.98x10
1 

2.968

15 10.74 0.379 6.70x10
1 

10.04

l 5 t - 10~ i r  14 9 .99  0 .362 3 . 3lx l 0 ’ 4 . 06 ))

- - 6 10 7.57 0.278 1 .44x10 ’ 2.158

15 10.74 0.379 1.50xl0
1 

2.248

T niconel X7 51) 12 8.50 0.320 ~ 10~~ 0.015

14 9.99 0.362 l.05x10
2 

0.157

15 10.74 0.379 6.10x10
2 

0.914

f041. ~~ 15 10.74 0.379 5.64x10
2 

0.845

14
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V

W h t .-ti the exchange curr ent d e n s i t y  measurements are translated into N204
d.o o m p i s s i t i t s i t  rates (Table VI) , it is apparent that the metals that promote
I i i v i t e r  d , - t s O n i s t i s l I  ion rates are Ti6AI4V , AA6061—T6 and Pt—lOX Ir , while 3O4LSS

i t i l , .‘sp .’ s all y, lnconel X750 y ield lowe r rates. These results , wi th the
c x i  i - p t  i o u  oh  Pt— I 0% Ir , are opposite in order to those obtained previousl y for

N21I4 ao i l  MMH . Al so , the absolute decomposition rates were hi ghest in the
N2114-H2

() system . Short—term exposure or real—time decomposition rate data for
,..-i h ol the three propellant systems of i n t e r e s t  are summarized in Tables VII
and V I I I ,  The short-term decomposition rates measured for N204 

— 15% H20 and
i r e  similar in magnitude for Inconel X750 and 3O4LSS. The oppos i t e  is

trit e for Ti6A I4V , AAbO61—T 6 and Pt—lOX Ir. MMH decomposition rates are , in all
in stanc es , much lower than the N204 

— 15% H20 decomposition rates.

U s i n g  the N2H4 data as a base line , the N204/N2H4 and N204/?’~~1 decomposi—
t i sm ra ti - ratios are as follows:

Metal N204/N2H4 N204/MMH

AAbO6I-T6 281 44.0

Ti6A14V 182 108

Pt—lOX I r 9.42 12.2

3O4LSS 1.57 3.53

Inco nel X750 1.25 3.13

Dat a Comparison

It was po ssible to obtain short—term compatibility data for several metals
in rh . ac id region of the N204—H 20—HNO 3 sys tem . It appears that metals normally

s i ~~ed w i t h  hytlrazine and monomethy lh ydrazine are not satisfactory for use with
N)0,, p a r t icularl y if th e system becomes contaminated with water. Surprisingl y,
I I 6AI4V and AAbO61—T6 appear to be particularl y act ive in terms of N204
hi ’ t otnposition , while 3O4LSS and Incone l X750 affect N204 decomposi tion at
-ilm ost the same rates experienced in N2H4 and MMII for short term tests.

Where poseible , th e results of these tests were compared to existing real—
time data reported by other investigations (Refs. 7—10). However , in most
cases the previousl y published results are semi—quantitative at best. For
example , i t has been reported in Ref. 7 that Ti6AI4V and 3O4LSS are virtuall y

15
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TABLE V I I

Exchange Current Densities
For N2H4 ,  M~~ and N204

(Two D ays  Exposure)

10 ( h a / c m 2)
M - t s l *N 2~4_ **~,224 (15% 1

~2W

- \ A 6 W 1 - - l l t  3.00 x i0 2 6 .7  ~ io~~ 1.50 x i0~~

TI hAI’V 2 .12  x 10
2 

1 .27  x io
_ 2 6 .70 x 10

1

s i / I . ~~; 2.08 x 10
_ i 

3.18 ~ io
_ 2 

5.64 x io 2

— 1 —2 —2
Ii , t s rii . l X /51) 2.80 x 10 4.0 x 10 6 .10 X 10

‘ t - l()Z I r 2.02 x iO~~ 5.4 x 10 
2 3.31 X 10

* N H, i n t l  t*fl~ a t  110 F

** N.,0, -It 50 F

TABLE V I I I

Decompos ition Ra tes For
N2H4 , MMII and N204

(Two Days Exposure)

(mg/cm 2 /y r )
* **N20 (15% H20_L

M606l—T6 0.008 0.051 2.248

3 J 6 A I 1iV 0.055 0.096 10.04

3061. Ns 0.542 0.239 0.845

Inconcl X 750 0.730 0.301 0.914

Pt-b Y Ir 0.526 0.406 4.960

* N2U, and MMII at lb F

** N20, i t  50 F
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sina tt -i ck i ’d by N204 containing up to 3.2 perc en t H20 at temperatures up to 165 F.
However , Rocketd yne (Ref. II) and AFRPL (Ref. 12) report that titanium is not
- ;,i t i s fu t o r y  for use with N204 . Titani um compatibility problems appear to
be dii , ’ to  the  presence of oxygen , and can be co r rec ted  by t he  addition of
sma l 1 amounts of NO to reduce  the  oxygen level. This approach has also been

app l i e d  t o  I n c o n e l .  In g e n e r a l , i t  is conc luded  in R e f .  7 that AA6061—T6

and the  t h r e e — h u n d r e d — s e r i e s  s t a i n l e s s  s t e e l s  are c o m p a t i b l e  m a t e r i a l s .

I Ie r - i i les  ( R e f .  8) r a t e s  the N 204 c o m p a t i b i l i t y  of AA6 O61 —T6 and 304SS
as , - x e e l l e n t  (penetrations of <1 mi l/yr ) at temperatures up to 140 F and water
c s , n c e i i t  r a t i o n  l e v e l s  on the order of 0.1 percent . Salvinski , et a l . ,  ( R e f .  9)
s t u d i e d  t h e  c o m p a t i b i l i t y  of N

2
0
4 

with a wide variety of materials , including
AA 6O b I - T 6  and T i 6A 14V , and reported the results in terms of impurities
w h i t h  were  deliberatel y added to the system . The test temperature was 165 F
and t h I s -  test durations were one and four months. Approximatel y 0 .9 weigh t
perc ent water was added . Upon removal of the test specimens , the AA6061—T6

samp les were found to be covered with a thick white coating . This result was
at c om p a n i e d  by a reduction in the water content of the N204. However , the

Ti6A I4V samp le was virtuall y unaffected under the same conditions. No quanti-
t a tive data was reported .

T oth , I t  a l . ,  ( R e f .  10) s t u d i e d  AA 6 O6I— Tb and Ti6A 14V in  N 204 fo r
real t i m e  periods up to approximatel y four years. Post test anal ysis indicate d

s .v i d e n c e  I I  a p p r e c i a b l e  o x i d i z e r  d e c o m p o s i t i o n  for  either metal. The water
content was not m e a s u r e d  bu t  was e s t i m a t e d  to be approximately 0.02 to 0.05
weig ht p e r c e n t . There  was 50 ppm Al present in the N204 solution which had

been s - x 1 t t t s e d  t t )  AA 6O61 - ’Tb . b r  a d d i t i o n , t he  specimen was covered w i t h  a uni-
f o r m  white tarnish. The Ti6AI4V sn’~~imen emerged with a spotty gray corrosion

film; however , no residue was found and the N204 solution contained 2 ppm
A l , I ppm V and l e s s  than 2 ppm Ti. It is apparent  tha t  at low w a t e r  concen-
tr a ti o n s (less than 0.05 percent ) there is no appreciable N204 

ind uced
corros ion of the metals studied . There was a sli gh t (0.1 percent) weight gain
b r  Ti6A I4V and a .007 percent we i gh t loss for AA6061—T6 (Ref. 10). There was
ni, evidence of any N2O4 decomposition .

DISCUSSION AND CONCLUSIONS

The’ results of the nitrogen tetroxide feasibility study suggest that at

ve r y low w a t e r  c o n c e n t r a t i o n s  (less  than  one percent ) N 204 does not react
on m e t a l  s u r f a c es  in any measurable amounts. Even when water is deliberately

added to  t h e  s y s t e m , i t  is  necessary to achieve water  contents  equ iva len t  to 
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fl i ght Density Acid (HDA ) type systems (N204—HNO 3) in order to achieve
t r a - s - ~t i r - i h s I e d e c o m p o s i t i o n  rates . Neither the sing le— phase region , below about

tw tt s s - r c s - u i t  wat er (tsrlcentration , nor the  two— phase  r eg ion , up to about 10
pi’r ci’nt w a t er  c o n c e n t r a t i o n , was s u f f i c i e n t ly conduc t ive  for  e lec t rochemical
in , i o i r s - u n i ’ u l t s , even in systems where the electrode spacing was on the order of 2

to  4 is uii

Comparison i f  t h e  d a t a  ob t a ined  in  this stud y, with information a v a i l a b l e
iii t h i s -  li t e rature , indicate-s that the lack of any appreciable metal attack in

t h e  prr”;ence of propellant grade N204 is typ ical of N204—metal systems with
-i l o w  water content .

Thu ; real—t i me results coup led with the results of the present feasibility
idv i n slicat e that drastic contamination of N204 is necess ary before any

appr eciabl e corrosio n and/or propellant decomposition takes place. In the
pr e s e n t  s t t i dy none of the test pieces were corroded or even tarnished by the
c s ,r t la minat e d N

7
01 . However , it should be noted that as soon as the water

cont e nt t u t  N~ 0~ is s u f f i cientl y high to cause the formation of two phas es ,
a id rich ph a s e  w i l l  r e s u l t  in HDA type nitric acid corrosion in localized

, s i t e s  ( i . - . ,  c r e v t s~s , s - t c . ) .  E l e c t r o c h e m i c a l  measurements  were made in t h i s
r e g i o n  and relat i vel y high decomposition rates were noted .

It is suggested that future investi gations of N204
—material compatibility

s n r ) s h t a s i z . -  t l e t a i l e d  s t u d ie s  of the hi gh— acid side of the two—phase region .
Th i s- si - studies should include consideration of the localization of the hi gh

I s - n c i t y  pha se at crevi te- positions , such as valve seats and swage type fittings.
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